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Abstract  The  effect  of  total  petroleum  hydrocarbon  (TPH)  concentration  on  the  biological 
treatment  of  contaminated  soils  collected  from  NAS  Patuxent  River,  MD  fuel  farm  was  inves¬ 
tigated  in  closed-shake  flasks  as  a  basis  for  future  full-scale  in  sim  biological  treatment  Soil 
samples  with  a  TPH  concentration  of  2,000  mg/Kg  were  mixed  with  uncontaminated  sand  to 
provide  a  concentration  gradient  from  180  to  1,570  mg/Kg  TPH.  Biological  treatment  experi¬ 
ments  resulted  in  degradation  of  hydrocarbons  to  below  detectable  levels  within  61  days  for 
samples  with  TPH  concentrations  of  ^490  mg/Kg.  In  samples  with  TPH  concentradons  of 
>830  mg/Kg,  biological  treatment  resulted  in  minimal  TPH  loss  over  the  study  period. 
Specific  substrate  utilizadon  rates  decreased  and  specific  growth  rates  were  not  significandy 
different  with  increasing  TPH  concentradons.  The  data  show  that  microbial  growth  processes 
during  the  logarithmic  growth  phase  were  not  inhibited  at  higher  TPH  concentradons. 
However,  mass  transfer  liirutadons  and/or  toxicity  from  metabolides  formed  during  logarith¬ 
mic  growth  may  have  caused  a  decline  in  microbial  numbers  resulting  in  undegraded 
petroleum  residuals  in  the  systems  with  inidal  TPH  concentradons  of  ^30  mg/Kg.  In  an 
attempt  to  increase  biological  degradadon  rates,  soil  samples  with  an  inidal  TPH  concentra- 
don  of  2,000  mg/Kg  were  amended  with  methanol.  Treatment  with  the  added  methanol 
resulted  in  greater  TPH  degradadon  over  a  34-day  period  reladve  to  control  treatments. 
Venting  of  sand  and  peat  soils  was  invesdgated  to  assess  the  amount  of  hydrocarbons 
removed  from  the  vadose  zone.  Over  83%  of  the  hydrocarbons  were  removed  to  310  mg/Kg 
TPH  from  the  sandy  soil  by  vendng  with  270,000  pore  volumes  of  compressed  air.  Equal 
amounts  of  TPH  were  removed  by  vendng  the  peat  soil,  however,  air  requirements  were 
294%  greater. 
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13*  ANSTNACT  (MoMimun  300  movN/ 

The  effect  of  total  petroleum  hydrocarbon  (TPH)  concentration  on  the  biological  treatment  of  contaminated  soils 
collected  from  NAS  Patuxent  River.  MD  fuel  farm  was  investigated  in  closed-shake  flasks  as  a  basis  for  future  full-scale 
in  situ  biological  treatment.  Soil  samples  with  a  TPH  concentratioo  of  2.000  mg/Kg  were  mixed  with  uncontaminated 
sand  to  provide  a  concentratioo  gradient  from  180  to  1.570  mg/Kg  TPH.  Biological  treatment  experiments  resulted  in 
degradation  of  hydrocarbons  to  below  detectable  levels  within  61  days  for  samples  with  TPH  concentrations  of  <490  mg/ 
Kg.  In  samples  with  TPH  concentrations  of  >830  mg/Kg.  biological  treatment  resulted  in  minimal  TPH  loss  over  the 
study  period.  Specific  substrate  utilization  rates  decreased  and  specific  growth  rates  were  not  significantly  different  with 
increasing  TPH  concentrations.  The  data  show  that  microbial  growth  processes  during  the  logarithmic  growth  phase  were 
not  inhibited  at  higher  TPH  concentrations.  However,  mass  transfer  limitatioos  and/or  toxicity  from  metabolities  formed 
during  logarithmic  growth  may  have  caused  a  decline  in  microbial  numbers  resulting  in  undegraded  petroleum  residuals 
in  the  systems  with  initial  TPH  concentrations  of  >830  mg/Kg.  In  an  attempt  to  increase  biological  degradation  rates,  soil 
samples  with  an  initial  TPH  concentration  of  2,000  mg/Kg  were  amended  with  methanol.  Treatment  with  the  added 
methanol  resulted  in  greater  TPH  degradation  over  a  34-day  period  relabve  to  control  treatments.  Venting  of  sand  and 
peat  soils  was  investigated  to  assess  the  amount  of  hydrocarbons  removed  from  the  vadose  zone.  Over  83%  of  the  hydro¬ 
carbons  were  removed  to  3 10  mg/Kg  TPH  from  the  sandy  soil  by  venting  with  270,000  pore  volumes  of  compressed  air. 
Equal  amounts  of  TPH  were  removed  by  venting  the  peat  soil,  however,  air  requirements  were  294%  greater. 
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Introduction 


Laboratory  studies  have  been  conducted  for  two  years  investigating  the  potential  for  in  situ 
bioremediation  of  contaminated  soils  and  groundwater  at  the  Naval  Air  Station  (NAS)  Patuxent 
River  fuel  farm.  The  research  has  been  carried  out  by  Battelle  Columbus  Laboratories,  Skidaway 
Oceanographic  Institute,  Groundwater  Technology,  Inc.,  and  the  University  of  Nevada,  Reno.  In 
addition,  field  site  assessment  has  been  provided  by  IT  Corporation  and  Eureka  Detection 
Services.  The  data  obtained  during  site  assessment,  laboratory  research,  and  field  pilot  studies  will 
be  used  to  design  in  situ  soil  and  groundwater  treatment  processes. 

The  contamination  at  the  fuel  farm  consists  of  a  complex  mixture  of  aromatics,  alkyl 
aromatics,  straight-chain  aliphatics,  and  branched-chain  aliphatics.  Total  petroleum  hydrocarbon 
(TPH)  concentrations  to  20,000  mg/Kg  soil  have  been  documented  at  the  site. 

The  in  situ  biological  treatment  of  soils  and  groundwater  is  based  on  the  addition  of 
nutrients  and  oxygen  to  the  contaminated  system.  Nutrient  addition  stimulates  the  endemic 
microbial  population  resulting  in  increased  biomass  with  a  corresponding  ability  to  metabolize 
xenobiotics.  The  microbial  transformation  of  hydrocarbons  involves  the  incorporation  of  oxygen 
into  the  molecule  by  the  use  of  the  oxygenase  enzymes.  The  metabolic  process  converts  the 
substrate  into  alcohol,  aldehyde,  and  carboxylic  acid  intermediates  (Alexander,  1977).  Once  a 
carboxylic  acid  is  formed,  the  substrate  can  enter  beta  oxidation,  which  results  in  the  loss  of  two  of 
the  carbons  as  acetyl-CoA,  which  is  then  used  for  energy  and  microbial  synthesis. 

Factors  that  control  the  in  situ  biological  treatment  of  soils  and  groundwater  include  the 
concentration  and  availability  of  a  terminal  electron  acceptor,  mass  transfer,  nutrient  availability, 
the  biorefractory  properties  of  contaminants,  and  contaminant  toxicity.  Oxygen  is  the  most 


common  terminal  electron  acceptor,  it  is  supplied  by  the  injection  of  compressed  air,  pure  oxygen, 
or  stabilized  hydrogen  peroxide. 

Factors  related  to  the  refractory  properties  of  contaminants  and  their  susceptibility  to 
heterotrophic  degradation  include  molecular  structure  (McKenna,  1977;  Adas,  1984)  and 
microbial  species  and  density  (Brock,  1970;  Wiggins  et  al.,  1987;  Novak  etal.,  1984;  Heitkamp, 
1987).  Nonbiological  factors  that  affect  hydrocarbon  degradation  are  temperature  and  pH 
(Alexander,  1977),  water  solubility  (Wodzinski  et  al.,  1972;  Alexander,  1985;  Thomas  et  al., 
1986),  soil  adsorption  (Alexander,  1985;  McCarty  et  al.,  1984),  and  enzymatic  inhibition  by  soil 
material  (Alexander,  1973). 

Contaminants  and  their  metabolites  may  exhibit  microbial  toxicity  and,  therefore,  prevent  or 
inhibit  growth  of  heterotrophic  organisms  (Wiggins  et  al„  1987).  For  example,  Alexander  (1979) 
stated  that  hydrocarbon  metabolites  can  be  more  toxic  to  microorganisms  than  the  parent 
compound.  Stumm>Zollinger  (1968)  concluded  that  a  substrate  or  its  metabolites  may  inhibit 
microbial  anabolic  processes. 

In  its  most  general  sense,  toxicity  can  be  defined  as  the  imparting  of  a  deleterious  effect, 
whether  lethal  or  sublethal,  to  an  organism,  population,  or  community.  The  toxic  effect  can  result 
in  a  permanent  perturbation  such  as  the  destruction  of  the  microbial  community.  However,  not  all 
effects  are  disruptive,  and  there  exist  adaptive  mechanisms,  both  at  the  cellular  level  (e.g., 
detoxifying  enzyme  systems)  and  at  the  population  and  community  levels  (Capuzzo,  1981 ). 

Toxic  effects  from  petroleum  exposure  vary  widely  and  for  reasons  that  are  not  well 
understood.  The  effects  are  complicated  by  the  varying  chemical  composition  of  petroleum 
products,  in  which  even  the  same  product  (e.g..  No.  2  fuel  oil)  refined  at  a  separate  location  can 
differ  markedly.  Laboratory  studies  have  shown  that  individual  aromatic  hydrocarbons,  unrefined 
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petroleum,  and  fractions  of  petroleum  induce  a  variety  of  cellular  and  subcellular  alterations  in 
bacteria  and  invertebrates  (Malins,  1982).  Sublethal  concentrations  of  oil  can  change  the  motile 
behavior  of  unicellular  organisms  or  alter  metabolic  processes  that  are  closely  allied  with  motility. 
Several  metabolic  consequences  have  been  suggested  including  inhibition  of  bacterial-mediated 
nutrient  regeneration  and  pollutant  removal,  disruption  of  intermicrobial  predation,  and  prevention 
of  phenomena  mediated  by  the  settling  of  mobile  microbes  on  surfaces  (Mitchell  and  Chet,  1975). 

Bacteria  are  repelled  by  several  known  components  of  petroleum  including  benzene, 
aniline,  and  phenol;  thresholds  for  detection  average  10“^  M  (Young  and  Mitchell,  1973;  Tso  and 
Adler,  1974).  Most  repellents  are  cytotoxic  at  concentrations  well  above  those  which  produce 
negative  chemotaxis.  Bacteria  detect  chemical  stimuli  by  specific  protein  chemoreceptors,  some  of 
which  double  as  active  transport  enzymes  for  the  substrates  with  which  they  combine.  The 
resulting  signal  is  transduced  to  the  flagella  via  separate  membrane-bound  chemotaxis  proteins 
(MacNab,  1978).  There  is  circumstantial  evidence  for  the  existence  of  highly  specific  membrane- 
bound  chemoreceptors  in  algal  gametes  as  well.  Chemotaxis  can  be  inhibited  by  blocking 
chemoreception,  signal  transduction,  or  the  normal  functioning  of  flagella.  These  processes 
depend  on  the  normal  functioning  of  the  cell  membrane  which,  therefore,  provides  an  accessible 
target  for  the  action  of  various  petroleum  hydrocarbons. 

Positive  chemotaxis  functions  to  maintain  bacterial  cells  in  a  nutritionally  favorable 
environment  (Bell  and  Mitchell,  1972).  Negative  responses  serve  to  remove  cells  from  potentially 
toxic  conditions.  Prevention  of  normal  chemotactic  behavior  can  inhibit  this  imponant  contribution 
to  the  general  homeostatic  mechanism  of  the  bacterial  cell  and  adversely  affect  microbial  activity. 

Exposure  to  petroleum  may  result  in  an  initial  reduction,  or  even  inhibition,  of  many 
aspects  of  native  microbial  activity  including  chemotaxis  (Bartha  and  Atlas.  1977).  However,  oil 
pollution  creates  a  new  set  of  selective  environmental  conditions  which  quickly  results  m  the 
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development  of  a  hydrocarbon-based  microbial  community  (Barsdate  et  al.,  1980).  This  may 
bring  with  it  the  development  of  certain  resistances  to  the  otherwise  toxic  effects  of  the 
hydrocarbons  as,  for  example,  the  carriage  of  plasmids  with  the  ability  to  metabolize  components 
of  oil  (Hada  and  Sizemore,  1981).  Bacteria  isolated  in  the  presence  of  petroleum  hydrocarbons 
have  been  found  to  exhibit  normal  chemotactic  responses  in  the  presence  of  these  compounds 
suggesting  an  underlying  cellular  resistance  to  their  effects  (Britton  et  al.,  1979).  These  bacteria 
may  be  more  representative  of  the  microbial  populations  which  develop  after  environmental 
releases  of  petroleum. 

The  first  year  of  research  investigating  the  optimum  treatment  conditions  for  the  NAS 
Patuxent  River  fuel  farm  showed  negligible  hydrocarbon  degradation  over  60  days  with  an  initial 
TPH  concentration  of  10,000  mg/Kg.  In  an  attempt  to  explain  the  low  biodegradation  rates  and  to 
optimize  treatment  of  the  site,  the  second  year  of  research  investigated  the  effect  of  TPH 
concentration  on  the  biodegradation  rate  of  weathered  petroleum  in  the  NAS  Patuxent  River  fuel 
farm  soil.  This  study  was  performed  as  part  of  the  assessment  of  JP-5  contaminated  soil  from  the 
site  to  provide  laboratory  data  to  support  field  in  situ  bioremediation. 

Methodology 

Effect  of  petroleum  concentration  on  biodegradation  rates.  Soil  collected  from 
the  NAS  Patuxent  River  fuel  farm  was  passed  through  a  No.  4  (475mm)  sieve  to  remove  rocks 
and  to  obtain  a  homogeneous  sample.  To  investigate  the  effect  of  concentration,  the  contaminated 
soil  was  mixed  with  uncontaminated  silica  sand  to  provide  soil  concentrations  of  180,  490,  830. 
and  1,570  mg/Kg  TPH  dry  weight  soil.  Fifteen  grams  of  soil  were  placed  in  40  ml  borosilicaie 
vials.  The  vials  were  then  closed  (teflon  septa  caps)  and  5  rnl  of  nutrient  solution  (Restore  3751 
containing  200  mg/1  stabilized  H2O2  (IT  Corporation)  were  added  to  provide  excess  nitrogen  and 
phosphorus  (400  mg/1  NH3-N  and  20  mg/1  PO4-P).  The  concentration  of  oxygen  in  the  head 


space  was  monitored  using  a  Gow-Mac  550  gas  chromatograph  with  a  thermal  conductivity 
detector.  The  oxygen  concentration  in  the  head  space  was  correlated  with  the  dissolved  oxygen 
concentradon  of  the  soU-water.  Parameters  included  injecdon  port  temperature,  60°C;  detector 
temperature,  60°C;  column  temperature,  60*^0  and  helium  carrier  gas  flow  rate  65  ml/min.  Soil- 
water  dissolved  oxygen  concentradons  were  maintained  at  greater  than  3  mg/1  by  the  addidon  of 
H2O2  to  the  systems  through  the  teflon  septa  when  necesssary.  The  vials  were  incubated  on  an 
orbital  shaker  (Lab  Line)  at  200  rpm;  the  temperature  was  maintained  at  20OC 

Separate  vials  were  analyzed  at  ten  time  intervals  over  120  days.  The  soil  slurries  were 
extracted  with  methylene  chloride.  The  extract  was  analyzed  using  an  HP  5890A  gas 
chromatograph  with  a  flame  ionization  detector.  A  15  m  SPB-I  (Supelco)  0.53  mm  capillary 
column  was  used  with  an  initial  oven  temperature  of  40OC,  final  oven  temperature  of  190°C,  and 
program  rate  of  7®/min.  The  injector  temperature  and  detector  temperature  were  200OC  and 
2200c,  respectively.  The  nitrogen  gas  carrier  flow  rate  was  10  ml/min.  Other  analyses  included 
soil-water  dissolved  oxygen,  pH,  NH3-N,  NO3-N,  NO2-N,  and  PO4-P  (APHA,  1985). 
Heterotrophic  bacterial  counts  were  determined  by  serial  dilution  and  plate  counts.(APHA,  1985). 
The  plates  were  incubated  at  370C  for  36  hours. 

Soil  venting.  Contaminated  cuttings  from  Well  25  were  placed  in  glass  columns  22  cm 
high  and  6.2  cm  in  diameter.  One  hundred  g  of  soil  were  placed  in  the  column  resulting  in  a  soil 
plug  10.2  cm  high  and  6.2  cm  in  diameter.  Purified  compressed  air  (600  ml/min)  was  passed 
through  the  soil  column.  Soil  venting  was  carried  out  for  two  weeks,  with  soil  aliquots  collected 
every  three  days  and  analyzed  for  total  petroleum  hydrocarbon  concentration  and  soil  moisture 
content. 
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Results  and  Discussion 


Bacterial  counts  and  total  petroleum  hydrocarbon  (TPH)  concentrations  over  the  120-day 
experimental  period  for  the  four  initial  soil  TPH  concentrations  arc  shown  in  Figures  1  through  4. 
Incubation  of  samples  with  initial  soil  TPH  concentrations  of  180  and  490  mg/Kg  resulted  in 
hydrocarbon  loss  to  undetectable  levels  in  48  and  63  days,  respectively.  Bacterial  counts  climbed 
from  10^  CFU/g  to  10^  CFU/g  over  21  days;  the  counts  then  declined  to  initial  numbers. 

Samples  with  initial  TPH  concentrations  of  830  and  1,570  mg/Kg  showed  0  and  18  percent 
TPH  degradation  over  120  days,  respectively.  Bacterial  counts  exhibited  a  logarithmic  growth 
phase  occurring  after  a  lag  period.  Bacterial  numbers  increased  from  10^  to  approximately  10^ 
CFU/g  soil.  The  systems  then  entered  a  stationary  growth  period  for  14  days  followed  by  a 
decrease  in  bacterial  numbers  to  initial  levels. 

To  evaluate  the  effect  of  the  initial  TPH  concentration  on  soil  treatment,  specific  growth 
rates  (Eq.  1)  and  specific  substrate  utilization  rates  (Eq.  2)  were  calculated  for  the  logarithmic 
growth  phase  in  each  system: 


where 

dX/dt 

4 
X 

-{dS/dt)/X 

k 

5 


dX/dt  =  nX  (1) 

-(dS/dt)/X  =  kS  (2) 

=  microbial  growth  rate,  CFU/g  d 
=  specific  growth  rate,  day  ^ 

=  bacterial  counts,  CFU/g 

=  specific  substrate  utilization  rate,  (mg/d)/(CFU/g) 

=  first  order  rate  constant,  day  '  ^ 

=  substrate  concentration,  mg/Kg 
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Figure  1.  Hydrocarbon  biodegradation  and  bacterial  counts  with  initial  TPH  concentration 
of  180  mg/'Kg. 


Figure  2.  Hydrocarbon  biodegradation  and  bacterial  counts  with  initial  TPH  concentration 
of  490  mg/Kg. 
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Rguifc  3.  Hydrocarbon  biodcgiadadon  and  bacterial  counts  with  initial  TPH  concentration 
of  830  mg/Kg. 


Figure  4.  Hydrocarbon  biodegradation  and  bacterial  counts  with  initial  TPH  concentration 
or  1,570  mg/Kg. 
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Bacterial  Counts  (CFU/g) 


Equation  2  is  applied  only  to  continuous  flow  stirred  tank  reactors  (CFSTRs)  in  which 
steady  state  substrate  and  biomass  concentrations  are  established.  In  batch  systems,  the  specific 
substrate  utilization  rate  may  be  approximated  by  normalizing  k  to  the  biomass  concentration. 
Because  biomass  increased  during  the  batch  experiments,  k  was  normalized  using  the  mean  X 
during  the  logarithmic  growth  phase.  Estimated  specific  substrate  utilization  rates  are  therefore 
reponed  as  k/X  (dayVCFU/g). 

Specific  growth  rates  and  estimated  specific  substrate  utilization  rates  for  the  four  initial 
TPH  concentrations  are  listed  in  Table  1.  Factorial  design  analysis  of  variance  (ANOVA)  showed 
that  the  population  means  for  the  four  specific  growth  rates  were  not  significantly  different  (a  < 
0.05).  However,  ANOVA  analysis  showed  that  the  estimated  specific  substrate  utilization  rates 
declined  as  a  function  of  inital  TPH  concentration  (a  <  0.05). 


Table  1.  Lxjgarithmic  phase  specific  growth  rates  and  estimated  specific  substrate  utilization  rates 


for  four  initial  TPH  concentrations. 

TPH  Concentration 

Specific  Growth  Rate 

Specific  Substrate 

Utilization  Rate 

(mg/Kg) 

(day)-l 

(day'VCFU/g) 

180 

0.047 

1.03  X  10-6 

490 

0.052 

5.4  X  10-7 

830 

0.093 

0 

1570 

0.111 

0 

The  mechanism  of  the  concentration  effect  exhibited  at  TPH  concentrations  >  830  mg/Kg  is 
difficult  to  elucidate  in  such  a  complex  system.  Growth  and  heterotrophic  metabolism  were  not 
limited  by  dissolved  oxygen,  pH,  or  nutrients.  The  dissolved  oxygen  concentration  in  the  systems 


was  maintained  at  >  3  mg/1  and  the  pH  did  not  decrease  below  6  (Figure  5).  The  concentrations  of 
the  two  primary  nutrient  additions,  NH3-N  and  PO4-P,  decreased  negligibily  during  the  120-day 
treatment  (Figures  6  and  7).  Difficulties  in  treating  hydrocarbons  have  often  been  attributed  to  the 
biorefractory  nature  of  some  petroleum  fraction  (e.g.,  branched  alkanes)  (Wilson  and  Ward, 
1987).  However,  a  biorefractory  residual  did  not  remain  after  48  and  61  days  in  the  systems  with 
180  and  490  mg/Kg  initial  TPH  concentrations,  respectively.  The  decline  in  biomass  with  a 
corresponding  halt  to  biodegradation  in  the  830  and  1,570  mg/Kg  TPH  systems  cannot  be 
attributed  to  a  biorefractory  fraction  of  the  hydrocarbons,  because  a  residual  would  have  also 
remained  in  the  lower  TPH  systems.  Therefore,  the  hydrocarbons  in  the  soil  at  the  NAS  Patuxent 
River  fuel  farm  were  not  biorefractory  under  the  conditions  of  the  laboratory  treatment. 

The  low  degradation  rates  characteristic  of  the  high  TPH  concentrations  may  be  due  to  a 
surface  area  phenomenon.  Bacteria  may  not  be  physically  capable  of  degrading  hydrocarbons 
when,  at  high  concentrations,  the  substrate  is  present  in  water  insoluble  films  and  globules. 
(Stuck!  and  Alexander,  1987;  Thomas  et  al.,  1986). 

The  increase  in  biomass  shown  in  Figures  3  and  4  must  be  attributed  to  the  anabolism  of  a 
carbon  source.  Microbial  growth  could  result  from  the  metabolism  of  naturally  occurring  soil 
organic  carbon  or  biologically  available  petroleum.  Metabolism  of  petroleum  is  not  apparent  from 
Figures  3  and  4,  because  an  increase  in  biomass  must  correspond  to  a  decrease  in  the  TPH 
concentration.  However,  the  biodegradation  of  hydrocarbons  may  be  masked  by  common 
analytical  procedures.  Brown  (1989)  postulated  that  the  increased  number  of  microorganisms  in 
soil  treatment  systems  releases  biosurfactants  which  may  increase  the  hydrocarbon  extraction 
efficiency.  Such  an  increase  in  extraction  efficiency  in  the  shake  flasks  used  in  this  research  may 
have  masked  TPH  biodegradation  over  the  first  49  days  of  treatment.  Based  on  Brown's 
hypothesis,  postulated  TPH  concentrations  are  shown  in  Figures  8  and  9  for  the  830  and  1,570 
mg/Kg  initial  measured  TPH  concentrations,  respectively.  Regardless  of  the  carbon  source  for 


11 


Rgurc  5,  pH  levels  during  biodegradation  studies. 
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Figure  6.  Ammonia-nitrogen  concentrations  during  biodegradation  experiments 
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Hgure  7.  Phosphate-phosphorus  concentrations  during  biodegradation  experiments. 


Figure  8.  Hydrocarbon  biodegradation  using  the  poswlated  initial  TPH  conccniration  in 
the  system  with  initial  measured  TPH  concentration  of  830  mg/Kg. 
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“^8  the  postulated  initial  TPH  concentration  in  the 
system  with  imtial  measured  TPH  concentration  of  1^70  mg/Kg. 


c 

o 

JQ 

O 

2 

•o 

I 


E 

3 

® 

C 

® 
0. 


2 

o 

H- 


Time  (days) 


Figure  10.  Biodegradation  and  bacterial  counts  during  treatment  with  methanol 
ammendment. 


microbial  growth  in  the  two  high  TPH  systems,  microbial  counts  began  to  decline  to  original  levels 
after  63  days  leaving  the  final  TPH  residual  at  approximately  830  mg/Kg  (for  the  830  mg/Kg  initial 
concentration)  and  1,260  mg/Kg  (for  the  1,570  mg/Kg  initial  concentration).  If  Brown's 
hypothesis  is  correct,  the  most  likely  explanation  of  the  laboratory  treatment  data  is  the  production 
of  toxic  metabolites  as  exponential  growth  proceeded.  The  toxicity  would  have  then  resulted  in  a 
decline  in  bacterial  counts  and  a  halt  to  hydrocarbon  degradation  (Alexander,  1979). 

Inhibition  of  metabolic  processes  due  to  high  contaminant  concentration  has  been 
documented  in  other  bioremediation  studies.  Hickman  and  Novak  (1984)  reported  enzymatic 
inhibition  in  the  biological  degradation  of  pentachlorophenol.  Mitchell  and  Chet  (1975)  suggested 
that  microbial  chemosensory  attrition  was  inhibited  by  crude  oil.  Novak  et  al.  (1985)  reported  that 
methanol  was  biodegradable  up  to  1,000  mg/I,  while  tertiary  butyl  alcohol  was  not  degraded  at 
concentrations  greater  than  100  mg/1.  These  studies  lend  suppon  to  possible  toxicity  of  metabolites 
produced  during  the  first  49  days  of  treatment.  Therefore,  the  most  likely  mechanisms  causing  the 
concentration  effect  at  high  TPH  concentrations  were  mass  transfer  limitations  and/or  toxicity  and 
subsequent  metabolic  inhibition  of  the  hydrocarbon  metabolites. 

One  difference  between  the  results  of  this  research  and  the  results  obtained  in  other 
laboratory  petroleum  treatment  studies  is  the  reaction  vessel  used.  This  study  used  a  closed,  batch 
system  in  which  volatilization  and  dilution  did  not  to  occur.  Many  other  petroleum 
biodegradability  studies  have  used  systems  open  to  the  atmosphere  (Jamison  et  al.,  1975). 
Volatilization  is  difficult  to  control  in  open  systems;  therefore,  biodegradation  rates  may  be 
overestimated  in  systems  open  to  the  atmosphere.  Continuous  flow  systems  have  also  been  used 
for  laboratory  biodegradability  studies  (Vanloocke  et  al.,  1975).  The  closed  batch  system  used  in 
this  study  provides  a  more  conservative  estimate  of  field  biodegradability  because  toxic  metabolites 
would  not  be  removed  as  in  a  llow-tlirough  system. 
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To  evaluate  the  potential  of  stimulating  the  biodegradation  of  petroleum  with  TPH 
concentrations  greater  than  830  mg/Kg,  the  treatment  experiments  were  repeated  with  a  methanol 
ammendment.  Well  cuttings  (Well  23)  containing  2,000  mg/Kg  TPH  were  prepared  in  the  same 
manner  as  in  the  first  experiment,  but  methanol  was  added  to  a  final  concentration  of  10  mg/1  in  the 
soil- water  solution.  Due  to  the  high  methanol  biodegradation  rate,  10  mg/1  of  methanol  were  also 
introduced  once  per  week  over  the  34-day  treatment  period.  The  pH  was  maintained  above  6.0  by 
the  addition  of  1  M  NaOH  when  necessary. 

Figure  10  shows  the  results  of  the  treatment  with  methanol  amendment.  Microbial  growth 
immediately  entered  a  logarithmic  growth  phase  for  6  days  then  remained  in  a  stationary  phase  for 
the  remainder  of  the  experiment.  Figure  10  shows  that  the  methanol  ammendment  resulted  in  an 
83%  loss  of  TPH  over  the  34-day  experimental  period. 

The  specific  growth  rate  and  estimated  specific  substrate  utilization  rate  for  the  methanol  - 
amended  system  were  0.87  day^  and  2.28  x  lO"^  day  V(CFU/g),  respectively.  By  factorial 
ANOVA,  these  values  are  significantly  greater  than  the  specific  growth  rates  and  estimated  specific 
substrate  utilization  rates  for  the  830  mg/Kg  and  1,570  mg/Kg  TPH  experiments.  In  addition, 
bacterial  counts  were  maintained  at  10^  CFU/g,  which  provided  sufficient  biomass  for  continued 
metabolism  throughout  the  34-day  experiment.  The  sustained  growth  in  the  methanol-ammended 
system  suggests  that  the  toxicity  of  metabolites  may  not  be  the  predominant  mechanism  for  the 
concentration  effect  at  TPH  concentrations  >  830  mg/Kg.  The  increased  growth  rates  and 
substrate  utilization  rates  may  be  due  to  increased  solubility  of  hydrocarbons  (i.e.  a  surfactant 
effect).  Alternatively,  a  cometabolic  or  other  biochemical  mechanism  associated  with  methanol 
addition  may  have  provided  the  necessary  metabolic  potential  to  enhance  hydrocarbon  treatment. 
McCarty  (1985)  proposed  the  addition  of  an  alternative  carbon  source  to  enhance  the  treatment  of 
.some  contaminants,  particularly  at  low  concentrations.  The  addition  of  methanol  mav,  therefore. 
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offer  potential  for  increasing  biodegradation  rates  in  the  soil  and  groundwater  at  the  NAS  Patuxent 
River  fuel  farm. 

When  considering  in  situ  bioieclamation,  the  primary  factors  are  cost  and  liability.  Nyer 
(1985)  estimated  that  in  situ  biological  treatment  provides  a  five-fold  cost  savings  and  substantiaUy 
reduces  future  liabilities  relative  to  excavation,  removal,  and  disposal.  In  situ  bioremediation, 
combined  with  other  treatment  processes,  has  been  successful  in  reducing  organic  contaminants  in 
groundwater  (Lee  et  aL,  1989).  However,  Healy  and  Daughton  (1986),  in  reviewing  the 
bioremediation  literamre,  argued  that  the  positive  results  seen  with  in  situ  treatment  may  be 
attributed  to  sampling  errors,  dilution,  and  physicochemical  processes.  Based  on  the  results  of  this 
research,  high  TPH  concentrations  may  also  be  a  factor  that  significantly  influences  the  efficacy  of 
in  sim  bioremediation. 

Soil  venting.  Compressed  air  flow  rates  and  soil  temperatures  during  the  course  of  the 
soil  venting  experiments  for  the  sandy  soil  and  the  peat  soil  collected  from  surface  seeps  at  the 
NAS  Patuxent  River  fuel  farm  are  shown  in  Figures  1 1  and  12,  respectively.  These  data  show  that 
the  air  flow  rate  was  relatively  constant  at  approximately  0.60 1/min  and  that  the  temperature  was 
uniform  at  25®C.  Total  petroleum  hydrocarbon  concentrations  as  a  function  of  the  volume  of  air 
purged  through  the  sand  system  are  shown  in  Figure  13.  These  data  show  that  greater  than  83% 
of  the  TPH  were  removed  from  the  sandy  soil  to  310  mg/Kg  TPH  with  9,000  L  of  air.  During  the 
venting  process,  approximately  1,500  mg/Kg  of  TPH  were  volatilized.  Assuming  a  bulk  density 
of  1.2  g/cm^  and  porosity  of  0.4  for  the  soil,  the  venting  requirement  for  the  sandy  soil  is  270,000 
pore  volumes.  Residual  TPH  concentration  and  moisture  during  venting  of  the  peat  soil  are  shown 
in  Figure  14.  These  data  show  that  the  same  percentage  of  hydrocarbons  can  be  stripped  from  the 
peat  soil  as  the  sandy  soil,  but  air  volume  requirements  were  294%  greater  at  26,500  L  of  air. 


17 


o 

o 

<D 

k. 

3 

« 

k. 

<D 

Q. 

e 

(S 


Figure  1 1.  Air  flow  rates  and  temperature  during  soil  venting  of  the  sandy  soil. 
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Figure  12.  Air  flow  rates  and  temperature  during  soil  venting  of  the  peat  soil 


18 


O) 


Rguie  13.  Total  petroleum  hydrocarbon  concentrations  and  soil  moisture  content  during 
venting  of  the  sandy  soil. 
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Figure  14.  Total  petroleum  hydrocarbon  concentrations  and  soil  moisture  content  during 
venting  of  the  peat  soil. 
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Summary  and  Conclusions 


Qosed-systcm  shake  flask  treatability  experiments  were  conducted  on  NAS  Patuxent  River 
soils  contaminated  with  weathered  products  resulting  from  JP-5  jet  fuel  releases.  The  flasks 
received  nitrogen,  phosphorus,  and  stabilized  hydrogen  peroxide  additions  and  were  incubated  for 
120  days  at  20^0.  Total  petroleum  hydrocarbon,  nitrogen  and  phosphorus  species,  dissolved 
oxygen,  and  peroxide  concentrations,  and  pH  were  determined  at  ten  times  over  the  120  days. 
Soil  venting  was  also  investigated  as  a  means  of  removing  high  TPH  concentrations  prior  to 
bioremediation.  Two  soils  (sandy,  organic)  were  purged  with  compressed  air  for  two  weeks. 
Total  petroleum  hydrocarbon  concentration,  temperature,  and  moisture  content  were  monitored 
over  the  time  of  study.  The  following  conclusions  may  be  drawn  from  the  study: 

1.  Estimated  logarithmic  phase  specific  substrate  utilization  rates  for 
hydrocarbon  biodegradation  decreased  as  a  function  of  initial  TPH  concentration. 

Specific  growth  rates  were  unaffected  by  initial  TPH  concentration. 

2.  Petroleum  hydrocarbons  in  the  NAS  Patuxent  River  fuel  farm  were  not 
biorefractory  under  the  laboratory  treatment  conditions. 

3 .  The  concentration  effect  during  hydrocarbon  treatment  was  attributed  to  mass 
transfer  limitations  and/or  toxicity  of  metabolites  produced  during  the  first  49 
days  of  treatment. 

4.  The  results  of  the  treatment  methodology  developed  through  this  research 
provide  a  more  conservative  approach  to  hydrocarbon  treatability  compared  to 
other  methodologies  because  volatilization,  dispersion,  and  dilution  are 
minimized. 
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5.  Methanol  amendment  enhanced  estimated  specific  substrate  utilization  rates 
and  specific  growth  rates.  Methanol  additions  maintained  plate  counts  in  a 
stationary  phase;  solubilization  of  the  hydrocarbons  may  have  also  enhanced 
biodegradation. 

6.  Greater  than  83%  of  the  TPH  were  removed  from  the  sandy  soil  with  9,000  L 
of  air.  The  same  percentage  of  hydrocarbons  were  stripped  from  the  peat  soil, 
but  air  requirements  were  294%  greater. 
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NAS  FALLON  /  CODE  186,  lALLON,  NV 

NAVAIRTESTCEN  /  PWO,  PATUXENT  RIVER,  MD 

NAVFACENGCOM  /  CODE  09M124  (LIB),  ALEXANDRIA,  VA 

NAVFACENGCOM  CHESDIV  /  FPO-IPL,  WASHINGTON.  '''' 

NAVFACENGCOM  LANTDIV  /  LIB,  NORFOLK,  VA 
NAVFACENGCOM  NORTHDIV  /  TECH  LIB,  PHILADELPHIA,  PA 
NAVFACENGCOM  PACDIV  /  LIB,  PEARL  HARBOR,  HI 
NAVFACENGCOM  SOUTHDIV  /  LIB,  CHARLESTON,  SC 
NAVFACENGCOM  SOUTHWESTDIV  /  CODF  ’81,  SAN  DIEGO,  CA 
NAVFACENGCOM  WESTDIV  /  CODE  04A2.2  Li3,  SAN  BRUNO.  CA 
NAVWEAPSTAT  /  CODE  0923,  SEAL  BEACH,  CA 
NTIS  /  LEHMANN,  SPRINGFIELD,  VA 
OCNR  /  CODE  1113,  ARLINGTON,  VA 

OFFICE  OF  SEC  OF  DEFENSE  /  ODDR&E,  WASHINGTON,  DC 
PWC  /  CODE  134  LIB,  PEARL  HARBOR,  HI 
STANFORD  /  MCCARTY,  STANFORD,  CA 

UNIV  OF  SO  CALIFORNIA  /  HANCOCK  LIB,  LOS  ANGRT.FS,  CA 
UNIV  OF  WASH  /  FERGUSON,  SEATTLE,  WA 
US  EPA  /  GLASER,  CINCINNATI,  OH 
USEPA  /  WILSON,  ADA,  OK 


DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 

SUBJECT  CATEGORIES 


1  SHORE  FAaUTIES 

1A  Construction  methods  zind  materials  (including  corrosion 
control,  coatings) 

1 B  Waterfront  structures  (maintenance/deterioration  control) 

1 C  Utilities  (Including  power  conditioning) 

ID  Explosives  safety 
1E  Aviation  Engineering  Test  Facilities 
1 F  Fire  prevention  and  control 
1G  Antenna  technology 

1 H  Structural  analysis  and  design  (including  numerical  and 
computer  techniques) 

1J  Protective  construction  (including  hardened  shelters,  shock 
and  vibration  studies) 

1 K  Soil/rock  mechanics 
t  L  Airfields  and  pavements 
t  M  Physical  security 

2  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

2A  Base  facilities  (including  shelters,  power  generation,  water 
supplies) 

2B  Expedient  roads/airfields/bridges 
2C  Over-the-beach  operations  (including  breakwaters,  wave 
forces) 

20  POL  storage,  transfer,  and  distribution 
2E  Polar  engineering 

3  ENERGY/POWER  GENERATION 

3A  Thermal  conservation  (thermal  engineering  of  buildings, 
HVAC  systems,  energy  loss  measurement,  power 
generation) 

3B  Controls  and  electrical  conservation  (electrical  systems, 
energy  monitoring  and  control  systems) 

3C  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy  from  solid 
waste) 


3D  Alternate  energy  source  (geothermal  power,  photovoltaic 
power  systems,  solar  systems,  wind  systems,  energy 
storage  systems) 

3E  Site  data  and  systems  integration  (energy  resource  data, 
integrating  energy  systems) 

3F  EMCS  design 

4  ENVIRONMENTAL  PROTECTION 

4A  Solid  waste  management 

4B  Hazardous/toxic  materials  management 

4C  Waterwaste  management  and  sanitary  engineering 

40  Oil  pollution  removal  and  recovery 

4E  Air  pollution 

4F  Noise  abatement 

5  OCEAN  ENGINEERING 

5A  Seafloor  soils  and  foundations 

5B  Seafloor  construction  systems  and  operations  (including 
diver  and  manipulator  tools) 

SC  Undersea  structures  and  materials 
5D  Anchors  and  moorings 

5E  Undersea  power  systems,  electromechanical  cables,  and 
connectors 

SF  Pressure  vessel  facilities 

5G  Physical  environment  (including  site  surveying) 

5H  Ocean-based  concrete  structures 

SJ  Hyperbaric  chambers 

5K  Undersea  cable  dynamics 

ARMY  FEAP 

BOG  Shore  Facilities 

NRG  Energy 

ENV  Environmental/Natural  Responses 

MGT  Management 

PRR  Pavements/Railroads 


TYPES  OF  DOCUMENTS 

D  -  Techdata  Sheets;  R  -  Technical  Reports  and  Technical  Notes;  G  -  NCEL  Guides  and  Abstracts;  I  -  Index  to  TDS,  U  -  User 
Guides;  □  None  -  remove  my  name 


Old  Address; 


New  Address: 


Telephone  No.: 


Telephone  No.: 


INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  To  help  us  verify 
our  records  and  update  our  data  base,  please  do  the  following: 

•  Add  -  circle  number  on  list 

•  Remove  my  name  from  all  your  lists  -  check  box  on  list. 

•  Change  my  address  -  add  telephone  number 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories 
you  select. 

•  Are  we  sending  you  the  correct  type  of  document?  If  not,  circle  the  type(s)  of 
document(s)  you  want  to  receive  listed  on  the  back  of  this  card. 


Fold  on  line,  staple,  and  drop  in  mail. 
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CODE  L34  (J  LEDERER) 

COMMANDING  OFFICER 

NAVAL  CIVIL  ENGINEERING  LABORATORY 

PORT  HUENEME  CA  93043-5003 


NCEL  DOCUMENT  EVALUATION 

You  are  number  one  witfi  us;  how  do  we  rate  with  you? 


We  at  NCEL  want  to  provide  you  our  customer  the  best  possible  reports  but  we  need  your  help.  Therefore,  I  ask  you 
to  please  take  the  time  from  your  busy  schedule  to  fill  out  this  questionnaire.  Your  response  will  assist  us  in  providing 
the  best  reports  possible  for  our  users.  I  wish  to  thank  you  in  advance  for  your  assistance.  I  assure  you  that  the 
infonnation  you  provide  will  help  us  to  be  more  responsive  to  your  future  needs. 


R.  N.  STOKER.  Ph.D,  P.E. 
Tecbnical  Director 


DOCUMENT  NO. 


nTLE  OF  DOCUMENT: 


Date:  _ Respondent  Organization  :  _ 

Name:  _  Activity  Code:  _ 

Phone;  _  Grade/Rank:  _ 

Category  (please  check): 

Sponsor _  User _  Proponent _  Other  (Specify) 


Please  answer  on  your  behalf  only;  not  on  your  organization's.  Please  check  (use  an  X)  only  the  block  that  most  closely 
describes  your  attitude  or  feeling  toward  that  statement 

SA  Strongly  Agree  A  Agree  O  Neutral  D  Disagree  SD  Strongly  Disagree 


SA  A  N  D  SD 

1.  The  technical  quality  of  the  report  ()()()()() 
IS  comparable  to  most  of  my  other 

sources  of  technical  information. 

2.  The  report  will  make  signiHcant  ()()()()() 
unprovements  in  the  cost  and  or 

performance  of  my  operation. 

3.  The  report  acknowledges  related  ()(){)()<) 
work  accomplished  by  others. 

4.  The  report  is  well  formatted.  ()()()()() 

5.  The  report  is  clearly  written.  ()()()(){) 


SA  A  N  D  SD 

6.  The  conclusions  and  recommenda-  ()()()()() 
tions  arc  clear  and  directly  sup¬ 
ported  by  the  contents  of  the 

report 

7.  The  graphics,  tables,  and  photo-  ()()()()() 
graphs  arc  well  done. 


Do  you  wish  to  continue  getting 

C=l 

CD 

NCEL  reports? 

YES 

NO 

Please  add  any  comments  (e.g.,  in  what  ways  can  we 
improve  the  quality  of  our  reports?)  on  the  back  of  this 
form. 
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